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REMR TECHNICAL NOTE CS-ES-1.7

PETROGRAPHIC EXAMINATION OF
DISTRESSED CONCRETE

Air-entrai ned concrete, magnification 25X

PURPOSE: To introduce field personnel to investigative techniques that deter-
m ne cause of concrete distress.

APPL| CATION:  The science of concrete petrography can be used to determ ne
(1) the current condition of concrete, (2) the causes of distress to
concrete, (3) whether the deterioration will continue, and (4) if
deterioration is expected to continue, the amount of damage to be expected.
This information can be used to direct a course of action that will restore
the concrete structure to the desired level of structural and functiona
integrity.

BACKGROUND: C assically, petrography is the systematic identification and
classification of rocks and minerals according to hardness, specific gravities, and
ot her visual and physical properties. The term"concrete petrography” inplies using
geol ogi cal techniques to classify materials used in the production of portland-
cenent concrete and to investigate distressed concrete to identify the causes of
distress. In a broad sense, concrete petrography is providing a visual and a
physical (strength, density, air content, etc.) description of concrete.
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Causes of distressed concrete can be put into three broad categories:

1) deficiencies in the design, 2) problenms in the construction, and 3) i nade-
quacies in the materials. Petrography can be used to identify both construc-
tion caused and material -caused di stress. Petrography cannot be used to
determ ne deficiencies in the design aspects of a concrete structure except
when the investigations show that the probable cause of the deterioration is
not related to either the construction or the materials, inferring that design
shoul d be eval uated as a probabl e cause.

PROCEDURE

a. Field observations. Recognition that distress has occurred or is occur-
ring in a concrete or that there is a deficiency in the concrete that is
not normal or expected is the first step of the petrographi c exam nation
Det ai | ed observations and information gathered fromthe field provide the
basis for the laboratory studies. Therefore, field observations nust be
conveyed accurately to the | aboratory petrographer. Oten a tel ephone
conversation fromthe field observer to the | aboratory petrographer is
sufficient. |If a project is extensive and the cause of the distress is
not apparent, a site visit by the petrographer may be warranted.

Al'l avail abl e informati on and docunentati on concerning the project are
potentially useful for the investigation. Construction records, mxture
proportion sheets, inspection records, contract docunentation, materials
certification sheets, mll certificates, construction photographs, etc.
may |l ead to sone theory concerning the cause of the concrete distress.
The petrographic exam nati on can be used to verify or reject the theory.

b. Sanpling*. Sanpling for petrographic exam nation can be as sinple as
pi cking up a concrete fragnent and sending it to the petrography | abora-
tory for a cursory exam nation. This procedure normally will help the
petrographer to determ ne the scope of the investigation that will be
needed. In general, a nore extensive sanpling programw || be dictated by
the scope of the investigation. Many investigations require a drilling
programto determ ne the overall quality of the concrete and the extent of
the distress.

VWhenever possible, it is desirable to obtain sanples fromareas of con-
crete where distress has not occurred (good quality concrete) as well as
fromareas where distress is evident. A sanple, or sanples, of good qual -
ity concrete is needed so the petrographer can establish a baseline for
conmparing the distressed concrete.

VWhen the concrete structure is a pavenent slab, beans are sonetines
extracted for petrographic exam nation. However, sanples usually consi st
of cores taken fromthe concrete to be exam ned. The size of the cores is

. Qui dance for sanpling is given in "Standard Practice for Exam nation and
Sanpling of Hardened Concrete in Constructions” CRD-C 26, ASTM C 823. It
is suggested that if possible litigation or contract dispute occur, this
standard practice be foll owed.
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| argel y dependent on the maxi mum si ze of coarse aggregate used in the con-
crete and the quality or condition of the concrete being sanpled. Nor-

mal |y, the larger the aggregate and the poorer the quality of the
concrete, thelarger the core required to obtain adequate sanples. Wen
the cores are to be used to determ ne the conpressive strength of the con-
crete, the recommended mi ni mum nomi nal dianeter of the core is three tines
the di ameter of the maxi num size aggregate. Were the concrete is of good
quality and small aggregates (<3/4 in.) are used, NX- (2-1/8-in.) dianeter
cores may be adequate.

I nformati on obtained from petrographic exam nation. A petrographic exam
i nation can performthe foll ow ng:

¥ Eval uate

M xt ure proportioning

Ef f ecti veness of m xi ng
Consol i dati on

Curing/ carbonati on

Wat er content

Degree of maturity (cement hydration)
Bonding in multi-course applications
Di scol oration or staining

® Det ect

Segregati on caused by over vibration
Coar se- ground cenent

Partially hydrated or old cenent (I unpy)
Ret enperi ng

Fly ash

Granul ated bl ast furnace sl ag

Gound linmestone, etc., as cenent extender
Cenment al kal i -aggregate reactions
Masonry cenent

Freezing of plastic concrete
Freeze-thaw di stress of concrete matrix
Di stress caused by unsound aggregates
Sul fate attack

Cont ami nant s

Adver se gal vani c action

® Determ ne

Air content in hardened concrete
Paranmeters of the concrete air-void system

Identify

Rock and mineral conposition of aggregates
Texture of aggregates
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® Suppl enment
Chemi cal analysis
Some things that a petrographi c exam nati on cannot do:
® Determne
The type of portland cenment used
Quantitative amounts of fly ash or granul ated bl ast furnace sl ag

Type of air-entraining agent used

d. Petrographic exam nation. A variety of different tools are available for

a petrographical exam nation and analysis. It would be inpractical to
describe all of the tests that can be conducted and the type information
gai ned by each. In the follow ng paragraphs several sanple investigations
are described to illustrate the potential use of petrography and the type

of information that is needed for each anal ysis.

Exanple #1. Deternine the mixture proportion of the hardened concrete.
This investigation can be conducted to determ ne whether the buyer

recei ved the concrete specified in the purchase agreenent. The sinpl est
met hod to approach this problemis to use information fromthe field
records and performa nodal analysis of the concrete.

Ceneral guidance for the nodal analysis is given by the nodified-point-
count method described in "Standard Practice for M croscopica

Determ nation of Air-Void Content and Parameters of the Air-Void Systemin
Har dened Concrete" CRD-C 42 (ASTM C 457). At the sane tine the point
counting for the air content is being done, categories of coarse
aggregates and fine aggregates can be distinguished by size as they are
identified in the m xture proportion sheet found in the field
docunentation. This separation is usually the #4 sieve separation (4.75

m .

Particles larger than nom nal 4.75 mm are consi dered coarse aggregate, and
particles smaller than nominal 4.75 nm are considered fine aggregate.

The frequency wi th which each conponent (coarse aggregate, fine aggregate,
paste, or void) is intersected by regularly spaced lines on the sanple is
related to the volunme of the ingredients naking up the concrete. The m x-
ture proportion is then calculated as foll ows:

I nformati on provided by nodal anal ysis:

Conponent Fr equency
Coar se aggregate (CA) CA%
Fi ne aggregate (FA) FA%
Paste (P) P%
Air content (A A%
Tot al 100%
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Field I nformati on needed:

CA specific gravity SPG,

FA specific gravity SPGg,
Cenment specific gravity SPG.
Water/ Cenent ratio wWC

The m xture proportion is calculated for a cubic yard of concrete as
fol | ows:

CA = CA%x 27 ft3yd® x SPG, x 62.4 Ib/ft3
FA = FA% x 27 ft3yd® x SpG. X 62.4 Ib/ft3

SP6C x P% x 27 ft3yd®x 62.4 | b/ft3
Cenment content (C) = T+ WC X 359G

Water content = WC x C

In the above analysis the water-cenent ratio specified in the mxture
design is assuned to be correct; however, this ratio is not always cor-
rect, and an excessive anount of water used in a mxture is often the
primary cause for the strength of concrete to be | ower than expected or
specified. Cenent content and original water content can be determ ned as
fol | ows:

(a) The original water content of hardened concrete can be determ ned
with a test nmethod from Figg and Bowden (Figg 1971). The test gives
acceptable results only if the concrete is sound and in no way dam
aged, either physically or chemcally. The nmethod is not suitable
for poorly conpacted concrete. The test involves the determ nation
of (a) the water equivalent of the capillary porosity of the concrete
originally filled with water at the tine of setting and (b) the com
bi ned water still present in the prepared concrete sanple as the
cenment hydrates.

(b) Cement content of hardened concrete can be determ ned by "Standard
Met hod of Test for Cenment Content of Hardened Portl and Cenent Con-
crete,” CRD-C 30. Adding fly ash to the concrete m xture can reduce
the accuracy of the test. |If a sanple of the fly ash is avail able,
corrections can be made to i nprove the accuracy. The cenent content
can al so be determ ned by the Maleic Acid Method or by determ ning
the sulfur trioxide content. A sanple of the cenent nust be
available if determnation of sulfur trioxide is used as the nethod.

Exanple # 2. Detect sulfate attack. Sulfate attack can take place if
soluble sulfate salts are in contact with the concrete so that the

sul fate ions can conbine with the tricalciumalumnate in the cenent to
formettringite. The formation of ettringite in the hydration of
portland cement is common and does not cause any particul ar problens;
only when the concrete is hardened and ettringite formation occurs do

t he expansive forces caused by the chemi cal reaction create a potenti al
probl em
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If exam ned with | ow power mcroscopy, concrete suffering fromsulfate
attack will show an abundance of ettringite crystals filling voids and
coating fractures. Ettringite is a needle-like crystal that appears in
clusters as balls or tuffs in the voids and al so as acicular or silky
coatings on aggregate particles or linings of voids. The expansive
force caused by the chem cal reaction causes di saggregation of the
paste, resulting in the paste beconming highly fractured and eventual |y
decaying to a powdery nass. Because the novenent of the sulfate ions is
a function of perneability, the exterior concrete is subjected nost
severely to the deterioration, while the interior nmay be intact and show
no signs of damage

VWile concrete in the advanced stages of deterioration caused by sul fate
attack shows obvious characteristics that petrographic techni ques can
easily identify, sulfate attack in some cases may be difficult to
identify positively with only visual techniques. Large anounts of
ettringite in the paste fraction is only suggestive of the presence of
sulfate attack. H gh ettringite content can be caused by the type of
cenment used; ettringite can be formed during hydration fromsulfate ions
in the cement itself.

A conbi nati on of chemical analysis and petrographic exam nation is
required to positively identify sulfate attack. The source of the
sulfate can be easily identified by determ ning the sulfate content of
t he adjacent soil, water that may be ponded agai nst the concrete, run
off water, or fromother sources such as contam nation fromspills, etc

Sulfate ion concentrations in water and soil can be determ ned by
"Method of Test for Determination of Sulfate lon in Soils and Water"
CRD-C 403. The potential for sulfate attack exists whenever sulfate
ions are present, but their presence is generally not considered a
potential problemunless the concentration in the surroundi ng
environnent is greater than 0.10 percent.

Next, the amount of sulfate ions in the concrete being investigated is
determ ned and conpared to the amount pernmitted by the cenent specifica-
tions. Field cenent mll certificates or cenment chem cal analysis
coupled with m xture proportion information can show whether there is an
excess anmount of sulfate ions in the deteriorated concrete.

The informati on obtai ned fromthe petrographi c exam nati on conbined with
the chem cal data can then positively identify the degree to which
sul fate attack contributed to the deterioration of the concrete.

Exanple #3. Detect alkali-aggregate reaction. Alkali-aggregate
reaction refers to the reaction of carbonate rocks, silica rocks, or
silicate rocks in the high-alkali environment of portl and-cenent
concrete. Originally it was thought that aggregate was an i nnocuous
conponent in concrete; current thought is that all aggregates are
reactive in portland-cenent concrete. The petrographic exam nation is
needed to determ ne whether the reaction is deleterious.
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Reactions fromthe different rock types occur in different manners, and
the reaction results vary widely. Only the exam nation for alkali -
carbonate rock reaction is considered in this exanple. The physica
mani f est ati ons are expansi on of structural elenents and eventua

devel opnent of irregular crack patterns.

Exam nati on of the concrete nmay reveal reaction rinms around the

aggregate particles. |If the aggregate particles are natural river
gravels, reaction rinms are nost likely a product of weathering prior to
use of the aggregate in the concrete. |If the aggregate is crushed, the

rins show that a reaction took place after placenent of the concrete.
It is not certain, however, whether the reaction is deleterious,
beneficial, or innocuous. The presence of reaction rinms is not
necessary to have carbonate-rock reaction

Al kal i - carbonate reaction fromthe dedolomtizati on process requires the
rock to be partially dolomitic. The classical, reactive carbonate rock
is an inpure dolomitic |inestone in which the dolomte rhonbohedron
crystals are floating in a fine linmestone matrix. The identification of
brucite at the aggregate-to-paste interface or the nonitoring of the
changes of the magnesium content in the rock is an indication of
dedol omi ti zati on and al kal i -carbonate rock reaction

Exanpl e #4. Detect contanmi nants. Contam nants are those materials that
get into the concrete but are not part of the original mxture
proportion. Inorganic materials such as alum numnetal fromthe beds of
al um nunbedded dunp trucks, dirt fromthe aggregate source, MO from
sl ag aggregates, artificial glass, gypsum etc. and organic materials
such as sugar in mxing water, animal droppings in aggregate stock
piles, vegetation, wood fromconstruction fornms, etc. are sone of the
materials that can cause problens in the concrete.

Chl ori de contam nation in concrete causes corrosion of the reinforcing
steel. Chloride in concrete can be detected and quantitated by chem ca
anal ysis. Concrete sanples for chloride content are obtained by coring
the concrete or using a rotary inpact drill. Chloride content at
different depths in the concrete is normally determ ned when chl ori de-
contam nated concrete is evaluated. Ceneral guidance for the procedure
is presented in "Standard Methods for Chem cal Analysis of Hydraulic
Cenment," CRD-C 209 (ASTM C 114) and in Federal H ghway Adm nistration
report "Sanpling and Testing for Chloride lon in Concrete,"” FHWA-RD- 77-
85.

AVAI LABILITY: Currently only six Corps Division Laboratories have concrete
petrographic capabilities. These are the Mssouri River Division Laboratory,
Chio River Division Laboratory, South Atlantic Division Laboratory, South
Pacific Division Laboratory, Southwestern Division Laboratory, and the \Water-
ways Experinment Station, Structures Laboratory.

The cost of petrographic investigation into the cause of concrete distress
vary dependi ng on the needs of the project and whether there is litigation
involved in the work. Normal costs can range from $2000 to $5000 for sinple

i nvestigation of a single area and the exam nation of approximtely 3 sanples.
O her investigation involving |arger areas with a |arger nunber of sanples and
a | arger scope may cost from $10,000 to nore than $25, 000.
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